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EMZYME INHIBITORS 

The invention relates to enzyme inhibitors, and 
particularly renin- inhibiting peptide ar-.logues. 
BACKGROUND 

5 Renin is a natural enzyme, disorders in relation to 

which are implicated in many cases of hypertension. It 
is released into the blood from the kidney, and cleaves 
from a blood glycoprotein a decapeptide known as 
anglotensin-I. Circulating angiotensin-I is cleaved In 

10 lung, kidney and other tissues to an octapeptide, 

angiotensin- II, which raises blood pressure both directly 
by causing arteriolar constriction and indirectly by 
stimulating release of the. sodium-retaining hormone 
aldosterone from the adrenal gland and thus causing a rise 
15 ia extracellular fluid volume. The latter effect is 

caused by angiotensin- 1 1 itself . or a heptapepttide cleavage 
product angiotensin-III. 

Inhibitors of renin have therefore been sought, with 
two ends in view, first the provision of a diagnostic 
20 agent for identification of cases of hypertension due to 
renin excess, and secondly the provision of .m agent for 
control of hypertension in such cases. 

The present inventors' approach has been to consider 
the peptide sequence characterising the natural renin 
25 substrate at its binding site, and to seek peptide 

analogues sufficiently similar r.o bind to the enzyme, in 
competition with tJae natural substrate, but sufficiently 
dissimilar to it to be cleaved slowly or not at all. 
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Such analogues will block the action of the enzyme and 
attack the hypertension at source. 

Renin is specific to a particular bond in the 
substrate, the N-terminal sequence of which in the horse 
is for example: ^j^j 

Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-His-LeuiLeu-Val-Tyr-Ser- 

1 2 3 4 5 6 7 8 5 ^2 13 14 

as found by L.T. Skegga et al J. Exper. Med. 106 439 
(1957). Human renin substrate has a different sequence 
recently discovered by D.A. Tewkesbury et al Blocheo. 
Biophys. Res. Conan. 99 1311 (1981). 

t (IB) 
-Val-Ile-His- 

15 11 12 13 

the sequence to the left of the arrow A being as in 
formula (lA). 

Cleavage at A gives angiotensin-I; subsequent 
cleavage at the Phe-His bond at B gives angiotensin- II; 
20 and cleavage subsequently again at the Asp-Arg bond at C 
gives angiotensin-III. 

Peptides similar to certain partial sequences of the 
substrate tiave been shown to act as inhibitors of renin in 
vitro. An example is the tetrapeptlde ester (the 
25 relation to the substrate residues being indicated by 
numbering) : 

H-Leu'Leu-Val-Phe-OMe (I j j 

10 11 12 13 
proposed by Kokubu, Nature, 217 ^56 (1968) but it is 
30 inactive in vivo, because of binding to plasma proteins 
and rapid attack by natural peptidases. 
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One of the present inventors undercook some years ago 
a development of Kokubu's work, seeking a renin inhibitor 
active in vivo, in which ana.logues of peptides similar to 
Kokubu's were made but having a methylene imino group 
-CH2-NH- in place of the peptide link -CO-NH- between 
the leucine residues. One of these aialoffuea was: 

(III) 



NHj-CH-CHj-NH-CH-CO-Val-Phe-CMe 



10 11 12 13 

10 which is the tetrapeptide (I) modified at the Leu-Leu link 
leucine of course being * 



NH2-(!h-C00H 



(IV) 



25 



JO 



This analogue (III) „as the first effective in-vivo 
15 inhibitor of renin and was shown to have significant 
antihypertensive action in Goldblatt hypertensive rats 
(Parry, Russell and Szelke p. 541 in "Chemistry and 
Biology of Peptides" Ed. Meienhofer, Ann Arbor Science 
Publisher, 1972). Little or no attention was however 
paid to the work, which the authors themselves were unable 
to pursue, in spite of considerable activity in the 
general field of substrate-based inhibitors for renin 
reviewed for example by Haber & Burton. Federation Proc. 
38 No. 13 2768-2773 (1979). 

BASIS OF TWPVTTnM 

The invention is based on recognition of the fact 
that renin has a much greater binding affinity for the 
transition-state than for the substrate. Won- 
hydrolysable analog-.es of the transition-r.-tate VI (Table 
I below) fonned at the scissile peptide bond V during 



wo 84/03(U4 



PCT/C 084/ 0003 



■4. 



hydrolysis of the substrate therefore provide potent 
enzyme inhibitors. 



Table I 



15 
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H OMR* HOMONMR' MHNHr' 

Hnm V tmiAitfi gju VI ftffdic^ 

analogue VII 

Analogue VIII ""aTaalogue IX Hydrated keto 

analogue X 

(R^ r2 in this table - amino acid side chain(s)) 

Thus the inventors have recognised that replacement 
of the scissile peptide bond V, in a partial sequence or 
partUl sequence analogue of renin substrate, with a 
^reduced' analogue VII. a hydroxy analogue IX, the novel 
^amino analogue -CH(NH2).CH2. (compare IX) or the 
hydrocarbon* analogue -CH^-CH^- (again compare IX) 
provides such non-hydrolysable analogues. They have also 
recognised that the 'keto' analogue VIII is capable of 
reacting with the water molecule present at the active 
sxte of aspartic proteinases such as renin to form a 
tetrahadral hydrate X which is a further non-hydrolysable 
transition-state analogue. These analogues are als 
referred to herein as isosteres. and the links they give 
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in the backbone as isosteric links. 

Based on structure -activity studies in their own 
laboratory, and on recent x-ray crystallographic studies 
(e.g. Blundell et al Nature 304 273 (1983) the 

5 inventors have devised novel cyclic structures and other 
modifications of the substrate sequence including the 
backbone and N- and C- terminal positions which both 
increase binding affinity to renin and impart greater 
stability against breakdown by exo- and endo- peptides in 
10 vivo. 

In particular, a study of the enzyme -inhibitor 
complex by computer graphics suggested, and experiments 
have confirmed, that replacing the hydrojiyl function of 
the -hydroxy' isostare K with an amino group capable of 
carrying a positive charge ('amino' Isostere) Introduces 
additional binding through interaction with the negative 
charge of the aspartlc carboxyl functions at the active 
site of the enzyme. Replacing the hydroxyl group of 
statine with an amino group to give 'amino-deoxy-statlne' 
20 has a similar effect. 

A particular aspect of the present invention stems 
from a desire to provide orally active renin inhibitors. 
On the one hand, a shorter sequence and increased 
llpophlllclty favour absorption from the gut. On the 
other hand, a longer sequence is usually required to 
maintain high inhibitory potency and selectivity for 
renin as opposed to other related proteases in the body. 
The inventors have found that a balance of these 
requirements can be achieved by a suitable combination 
of aolecular parameters. For example, the introduction 
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of lipophilic groups can more than offset the loss of 
potency due to a shortening of the peptide sequence, and 
at the same time facilitate absorption and increase 
stability against enzymatic breakdown in vivo (e.g. 
compare H-270 with H-269, 237 and 288 in Table 2 later 
herein). 

Generally the invention uses a concept of modifying 
peptide structures related to the peptide sequence at the 
site of action of renin on the riatural substrate, by 
isosteric substitution at. at least, the site of cleavage. 
Optionally further there is isosteric substitution or 
other modification at other positions to increase 
stability or to modify the properties of the final peptide 
for example its solubility under physiological conditions ' 
or its resistance to in vivo exopeptidase attack. ouch 
modification may for example be by incoi-poration of 
residues other than those of the natural L-amino acids- 
by protection of the N-terminus with acetyl, pivaloyl ' 
t.butylbxycarbonyl (Boc), benzoyl or other groups; or by 
conversion of the C-terminal carboxyl to another 
functional group, e.g. the corresponding alcohol, present 
as such or in ether or ester form. 

INVEOTORS' PREVIOUS PATTTfT APPLICATTnw^; 
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Some of the above ideas have been applied in an 
earlier application of the inventors related to the 
present and published as European Patent Specification 
A 0 045 665 (application No. 81 3 03585.4). In that 
specification compounds are disclosed of the general 
30 formula: 
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X-Y-Pro-Phe-His A B— Z— W (j^t) 

6 7 3 9 10,U 12 13 
where X and W are various terminal groups, Y (which is 
optional) is His or other basic or aromatic amino-acyl 
5 residue, A is a 'reduced', 'keto', 'hydroxy* or 

•hydrocarbon' isostere of a dipeptide, B is a lipophilic 
amino acyl residue and Z is an aroniatic amino acyl 
residua. 

Some of the ideas also appear, in a different context 
10 in xmpublished European application 83 3 05353.1. 

DEFINITIONS 

The following definitions apply both to the 
description of the invention and to thu claims unless 
otherwise specified: 

^™ 'amino acid' also includes imino acids 
(e.g. proline, spinacin); furthermore, it includes amino 
acids of both natural and unnatural origin. 

(2) All amino acids may be of either L- or D- 
configuration unless stated otherwise. 
20 (3) All asymmetric centres may be of either R or 

S configuration, unless stated otherwise. 

(4) The term 'alkyl' includes both branched and 
straight chain hydrocarbon groups having 1-6 carbon atoms. 

(5) The term 'aryl' (abbreviated 'Ar') means 

25 phenyl or other (including mono- or bicyclic) aromatic 
groups, which may be substituted, especially mono- 
substituted, with one of the following groups, preferably 
(when phenyl) in the 2- or 4-pcsition 

F, CI, 3r, I, -CF^, -OH, -OR or -R {\ - alkyl) 
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(6) 



The term 'arooacic amino acyi* defines amino 



acid residues having as side-chain an aryl-methyl (ArCH ), 
ioidazol-A-yl-methyl or indol-3-yl.mechyl group. ^ ' 

Reference to basic and aromatic amino acids above, 
and to amino acids with lipophilic side chains, in 
particular includes but is not restricted to the connon 
amino acids of those classes, viz: 



Basic: 



Aromatic: 



Lipophilic: 



Argisine 

Lysine 

Hlstidise 

Phenylalanine 

Tyrosine 

Tryptophan 

Ulatidiae 

*<Nal 

^Nal 

Leucine 

Isoleucine 

Valine 

Phenylalanine 

Cyclohexylalanine 

Adamantylalanine 



I unnatural 



usnatxural 



30 



It should be noted that symbols X, Y. a etc. in 
formulae (XI), (XII). (XIV) and (XV) below, while 
generally equivalent where the same symbol is used, are 
each as defined for their individual formula both in the 
description and in the claims. 

THE PRESE NT INVPTTTQW 

The present invention is most briefly stated as 
providing in its main aspect renin- inhibiting tetra-. penta- 
or hexapeptide analogues of formula 



X-D-E-~A— B— 2— W 

8 9 10,11 12 13 



(XII) 
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where X and W are terainal groups; D, £, B and Z, of 
which any one or. except with 'reduced' analogues, two may 
be absent, are aromatic, lipophilic or (in the case of £) 
aromatic, lipophilic or basic amino acid or amino acid 
5 analogue residues; and A is an analogue cf a lipophilic 
or arooacic dipeptide residue wherein the peptide link is 
replaced by a one- to four-atom carbon or carbon- nitrogen 
link which as such or in hydrated form is an unhydro- 
lysable tetrahedral analogue of the transition state of 
10 the peptide bond as given above. (The numbering above 
and in other formulae herein indicate, the relation to 
the natural renin substrate sequence, though without 
limitation of the invention). 

The invention extends further to sundry novel 
15 dipeptide analogues with the replaced peptide link, both 
as such and when used in renin- inhibitory or other peptide 
analogues of any length, particularly 'amino', 'cyclic' 
and 'aminostatine' compounds as referred to herein. 

Finally the invention extends to the new compound 
3-amino-3-deoxy-statine ( ' amino-statine ' ) 



20 



NH^-CH-CH-CH^-COOH 

which is 3,4-diamino-6-oethyl.heptanoic acid. 

In more detail the compounds of the present invention 
" are of the general formula 



X-D-E A B-2-W (xrV) 

8 9 10,11 12 13 

where 

X - H or an N-proteccinj? group or groups, e.g. as follows: 
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-10. 

(a) R^-CCHj)^^-, where n - 0-4, or 

(b) R^-Cp- or 

(c) R^-O-CO- or 

(d) R^-(CH2)^-C0- or ) 

(e) R^.(CH2V0-C0 or ) where n - 0-5 

(f) R^-0-(CH2)jj-CO. or ] 
(«) R^SOj- or 
(h) (R^)2-N-C0- 

In (a).(h), - (i) H (except in (c) ) or 

(li) alkyl (e.g. t-butyl) or 
(iii) cycIoalk>'l C^^^ 

(e.g. cyclohexyl) or 
(iv) blcycloalkyl or trlcycloalkyl 
^7-12 isobomyl or 

adamantyl) or 
(v; aryl (e.g. phenyl) or aryl 
alkyl 

D - (a) absent 

(b) aromatic amino acyl (e.g. Phe.-<Nal. %al, Tyr 
2" His, Trp) 

(c) lipophilic amino acyl (e.g. cyclohexyl-alanyl) 
(with (b) and (c) either as such or reduced at 
carbonyl) 
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(«) abs nt or 

(b) aromatic anlno acyl (..g. hi.. Ph,. ^y^, 

(c) lipophilic or ba.ic amino acyl (e.g. i^^inc 
butyryi.o< . ^ -diamlnov.i.ryi ) . (b) .nd (c) 
b*in, a. .uch or tf^ -alkyi.t.d .„a/or r.ducod 
at earbonyl 



(•) 



I I 



I 



10 



(i) H or 
(ii) alkyl (..g. ^, 

(111) -(CH2)„-0H or -(CHj)^,™^ 
whan n - 2. 3. 4 



15 



(and appearing b«low) 

(i) -CH2-<CH2Jn- 
(ii) -(CHjj^-co- or 
(ill) -CO-{CH,) - 



) 

) whtra n ■ o-3 

) 



-12- 



l 2 

R and R , th« same or difftnsnc - 

(1) alkyl (..g. ^pr, ^u, «Bu) or 
(ii) ArCHj or 

(111) oth.r lipophilic group («.g. cyclo- 

hexyl-o«thyl) or 
(Iv) H (••p«ci*lly for R^) 

M - (i) -CH(0H)-(CHJ - or V 

2 n ) 

(ii) -CH(NHJ-(CHO - or ? 

(iii) -CH2-<CH2)„- or > 

(iv) -CO.(CHJ^- or ) 

( 

; wh«rt n • 0-2 

(v) -(CH2)^-N(rO., wh.r. I 

r' - X ) 

) 

or ) 
(vi) -CH(NH2)SCH2)„-CO-NH. j 

with the provisos I) that when M - (i), (a^) 
or (iv) and ij - 1 then two three or four, 
and when M - (v) and n - 1 then three or' 
four, of D, E, B and 2 are present and 
preferably that when M - (i). (UD „ 
then two, three or four and when M - (v) 
then three or four of said residues are 
present 

II) when M - (i), (ii) Of 

(iv) then R and ar* H and when M - (tii) 
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or (v) then if ona of R^, r^ and R^ u 

said group -(CH,) -OH or -(CH,) -Nil the 
» " ^ n 2 

others, the some or different, ere H or 

alkyl 



10 



15 



B - 



20 2 - 



25 w 



(b) R^ 



(a) 

(b) 



(a) 

(b) 
(c) 



/ \ 
.M CH. 



r2 

' 2 



R^ and C^, C^. th« • 

defined above and 

«1 



where 



or different* Are ai 



• (1) 

(ii) 

(lii) 
(iv) 

(v) 



-CO- 
•CH 



or 
or 



1 

-CH(OH)- 



or 



-CHCNHj). or 
-CHj-NR^. (R^ above) 



absent or 

lipophilic or arooatic afflino acyl (e.g. Val, 
Leu, lie, Phe) either aa aueh or N*-alkylated 
and/or reduced at carbonyl 

absent or 

aromatic amino acyl (e.g. His, Phe, Tyr) or 
lipophilic amino acyl (e.g. cyclohexyl-alanyl) , 
(b) and (c) being either as such or N** - 
alkylated and/or reduced at carbonyl 



(a) -OH or other terminal group including those att 
out for w in general formula 
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(b) -OR^ ) 

(c) -NH^. .NHR^ -NR^^ | " '^""^ 

(d) -N^ where N Is part o£ a heterocyclic rin«, 
preferably 5- or 6-oenb«red, conttlninj 1-3 
heteroatome (N, 0 or S) and of any degrtt of 
saturation and optionally eubjtitutad vlth R^- 

or R^CHj-groupe at one or nora potleioM (R^ 
as above) 



10 or 



2-W - QCHj^ 



CH 

■N L 



where L - (I) -nh- or 



c2 (U) 



or 



20 



(Hi) -NR^. 
and r3 and and C^. the sen* or different, 
are aa defined above and 

0 - (1) H or 

(ii) Cl.4 aiJeyl or 
(ill) aryl or 

(Iv) iavidazol-4-yl« or lndol-3-yl 
together with conpounds in which, when one or more of the 
peptide bonda of the chain i. represented by a 'reduced- 
isostere. the n atom of such i.ostere end th. preceding 

or succeeding N atom in the chain are linked by a moiety 
as defined for and giving a five or six memfc^red ring , 
*nd together further with compounds in which (except wh n 
« ■ . (iii). (iv) or (V), at laast for n - 1 ) th abov 
residues are present with further, N- or C- tormlnal . 
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aminoacyl or arainoacyl analogue resldue(s), pardculnrly 
Pro or J-Pro interposed betveen X and D, J being His or 
other basic or aromatic aminoacyl residue. 

In the above, compounds where, in M, n - I are 
preferred. Of the isosteric links, the hydroxy ones are 
of particular value as giving high bonding affinity, from 
their close relation to tha transition stagt of tha 
sclsslla (peptide) bond. Other Important isosteric links 
are the 'amino', 'cycUsed' and 'aolnostatlne' linka where 
respectively A Is a)&M - (il) | A if b>{ and A Is a) 4 
M -(vl) . 

All the coopoundt fflay. further, b« in the form shown 
or modified by replacement of one or mors remalnlnf 
peptide bonds by analogues M, e.g. reduced -CHjNH-, kato 
-CO-CHj-, hydroxy -CH(0H)-CH2, -CH(NH2)-CH2- or 

hydrocarbon -CH^-CH^- isosteric linkages. They may be 
in the free form or in a protected form at one or mora of 
the reactive functional groups such as amino, imino, 
carboxyl, hydroxyl etc., including peptide nitrogen. 
Furthermore the compounds may be present in the form of 
their physiologically acceptable acid addition salts or 
other devivatlves convertible in the body to active form, 
which salts and derivatives are to be understood in the 
description and claims to be comprehended in the 
25 definitions of the compounds themselves. 

Particular compounds of the present invention, 
showing desirable renin inhibitory action, are of the 
general formula: 



15 



20 
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X Phe-Hia— A B Z-W 

8 9 10,11 12 L3 



(XV) 



10 



where Pha and Hia are opcional (but are not both ebtene 
when A has the 'reduced' link below) and may further be m 
substituted fora e.g. Phe by OH F CI Br or Ma, 
preferably at the 4-poeltlon. or Kin by Ha | or Phe la 
replaced by Tyr, or His by spinacin 

X - H; or an acyl or other N-protectln« group, e.g. 
acetyl, pivaloyl, t-butyloxyc«rbonyl (Boc), 
benzoyl or lower alkyl (priaarlly C^-c^), or an 
L- or D- aalno-acyl reeidue, which nay itaeif be 
N-protected tlalUrly and la pertlcuUr Bay be 
Cly or D- or L- Pro, Val or 111 



15 



20 



25 



I 
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A - -NH-jH-M^-gH-C 



where M is aa M above or 



particularly a 'reduced' -CH.-N- or 

•keto' '(^ or 'hydroxy' -CH(OH)-CH,-, or 

CH2* • 

•hydrocarbon' -CHj-CHj- Uoscere bond 

where the configuration at asynnetric centres i« 
either R or S. whtr. In the hydroxy lioetere the 
hydroxy group nay bt pr.ient ee .uch or prot.ct.d 

m ether -OR^^ „ter -O-C^^^ fonn where R^^ 
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is as given xinder W below and where and R^^, 
the saoe or different - ^?ro (isopropyl), ^Bu 
(isobutyl), Bzl (benzyl) or other aaino-acid sid 
chain preferably lipophilic or aromatic; 

- -H or an N-protecting group such as lower alkyl 
or lower acyl (C^.C3), or t-butyloxycarbonyl or 
beiayloxycarbonyl as such or ring substituted, 
or aryl sulphonyl e.g. -SOjPh or -SO -C HCH^p) , 
or forsiyl; 043 



10 



20 



e 



R 



11 



B - D- or L- Val Leu or He or other D- or L- 

lipophilic aiBino-acyl residue; 
2 - D- or L- Tyr. Ph., His or other L- or D- aromatic 

amino-acyl residue; and 
W - (1) -OH as such or in protected ester form as 
15 -or" where r" - lover alkyl primarily C^.c^ and 

particularly hu, or cycloalkyl primarily C^-C^, 
or other ester forming group; or 
(ii) -NHj as such or in protected amide form as 

-NHR^^ or -N(R^^) fwh-M - « 

"Vfi ^2 ^wftcre R - an N-protecting 

or other substituent group e.g. lower alkyl as 
for r", and (K^h^ - two such or e.g. cyclo- 
alkyl, primarily C^.Q^) or as -NH-(CH2)^-q1 or 
-NR -(CH2)^-Q^ (where n - 2 to 6 and - nh or 



25 -NH.c^ 



2 

therein any of the hydrogens 
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attached to nitrogen may be substituted by R^-^ 
or (R^^)2); or 

(iii) an L- or D- serine or L- or D-lysine, 

arginine or other basic amino-acyl residue as such 
5 or in aoide form, substituted aaida form or ester 

form e.g. containing a group or groups as given 
12 13 

for R and R abova as the case may be; or 
(Iv) an amino alcohol residua darivad therefroo 
as such or protected in ester or'ethar form e.g. 
containing a group as given for R^^ above; 

or 

2 + W - an alcohol derived from I.- or D- Tyr, Phe, His 
or other L- or D- . aromatic amino-acyl residue as 
such or protected in ester or ether form as above. 



15 



20 



25 



As with the previously set out general fonnulae the 
compounds may be in the above form or modified by 
isosteric replacement of one or more retaining peptide 
bonds e.g. by reduced -CH^-NH-, keto -C^^^,^^ , hydroxy 

-CH(0H)-CH2-. hy^l'^oearbon -CHj-CHj- or other analogue 
links M and further being in free form or in protected 
form at one or more remaining amino or amide (ircluding 
peptide) nitrogen, carboxyl. hydroxy or other reactive 
groups, or in salt form at amino imidazole or carboxyl 
groups in particular as their physiologically acceptable 
acid addition salts at basic centres. 

Protective or substituent groupings as mentioned 
above may be any of these known in the polypeptide art, 
amply disclosed in the literature and not requiring 
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discussion at length here. Generally the selection of 
the groups is according to their function, some being 
primarily intended to protect against undesired reaction 
during synthetic procedures while the N- and C tenninal 
5 substituents are for example directed against the attack 
of exopeptldases on the final coapouads or to increase 
their solubility and hence physiological acceptability. 
All these functions are generally within the term 
"protective group" or the like used in the description 
10 and claims herein. 

The invention further lies 

(a) in a diagnostic test aimed at establishing the 
significance of renin as a causative or contributing 
factor in hypertension or hyperaldosteronism, and a 
15 surgical prognostic test for renovascular hypertension, 
in which there is administered a renin- inhibiting 
analogue according to the invention and blood pressure is 
monitored, and 

(b) in the treatment of various forms of hyper- 
20 tension, particularly those forms associated with 

increased activity of the renin-angiotensin system, in 
which there is administered a renin Inhibiting analogue 
according to the invention. 

The long and short tern response of blood pressure 
to renin inhibitors is predictive of surgical outcome. 
In all cases single and repeated doses and any 
conventional form of pharmaceutical composition may be 
used, for administration by intranasal or oral route, 
injecti n. or any other means as convenient. Amounts 
30 oay for example be O.OOl to 10 mg/Jcg body weight 
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(calculated as free base) daily more usually 0.01 to 1 mg 
according to the potency of the analogue and the severity 
of the condition. Dosage unit compositions may contain 
such amounts or suboultiples thereof to make up the daily 



dose. 



Examples of compounds according zo the invention, 
with their activity and synthesis, follow. Individual 
synthesis schemes have numbering of the compounds not 
necessarily related to that of other schemes. 

10 SECTION 'A' CTAMPTFC 1 to 17 - LTffr 

Table 2 belov is of Examples of compounds with the 
modified 10.11 isosteric links disclosed in European 
patent application A 0 045 665 but now applied to 
hexapeptide or smaller analogues. 
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Table 2 




Ex. Code 


Residue 


^SoF-^ 


1 


H1S4 


X 3 9 10 11 12 13 W 

H* Leu 1 n *• His n_T o« 


v/s human 
renin 


2 


H18S 


H- His Leu«-^VAl Tl» Hie n-i nti 




3 


H262 


OH 


11 


4 


H265 


Boc* Leu^^Val 11* Rlc.nu 




5 


H266 


OH 

H- L6U---«Va1 lift Hic.nw 


29 


6 


H267 


Boc- His L^u^^Val lie H4c.nu 

▼o* xxe nxs*Un 




7 


H268 


H* His Leu«2!Lval Ha Hic.nu 




8 


H269 


Boc-Phe His Leu-2!Lval lie Hi<.n« 


0.007 


9 


H270 


H-Phe His Uu-2iLval lie His. OH 


5 


10 


H262 


Boc-?he His Leu— ciy He His-OH 


0.3 


11 


H2S6 


Boc-Phe His Leu-2!Lval He Phe«nM« 

*• X AB t LIB ^ V 


0.018 


12 


H287 


Boc-Phe His Leu— Val He -nM« 


0.005 


13 


U288 


Boc-Phe His Leu-2!Lval He Hi<;.nM« 
— *• ^Ac nxs— une 


0.0035 


14 


H289 


«w*p rne nxs i«eu«— val He Hxs-OH 




IS 


H290 


Boc-Phe Ala Uu^Val lie His-OH 




16 


H29I 


Boc-Phe Phe Uu^Val He His-OH 




17 


H294 


Boc-Phe His Leu— Val He His-OH 





PCr/CBft4/0OO3 
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SECTION 'A' cont'd - DIPEP TIDE ANALOGUE SYNTHESES 

The synthesis of the reduced, keto, and hydroxy 
analogues in the above table is generally by the methods 
of European patent application A 0 045 665, the dipeptide 
analogws being prepared first and incorporated in the 
full sequence by essentially standard methods of peptide 
synthesis. Thus for example a hydroxy or keto isostere 
of a dipeptide may be made by a method wherein a 
derivative of a halohydrin, preferably a bromohydrin, or 
haloketone, preferably a bromoketona 

NH^CH-CH-CHjBr or NH CH-C^^ 

OH CH2-Br 
wherein R ^ is an amino acid side chain and the NH and OH 
15 groups are in protected form, is subjected to an 
alkylation procedure to attach a group R^^ 

-CH-COOH, giving 



10 



20 



the desired isostere as such or in protected form. 



R 



15 



being the same or a different amino acid side chain. 
In particular the alkylation procedure may be 
i) by reaction with an alkali metal carboxylic acid 

derivative preferably a lithium derivative 15 

R 

LiiH-COOLi 

«*»re R is as above. 
25 ii) by reaction with an alkali metal oalonic ester 

derivative preferably a sodium derivative 16 

COOR 
/ 

NaCH 
COOR^^ 
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where R^^ is an esterifying group and a halide preferably 
an iodide. R -I. where R^^ is as above, to give the 
intermediate: 



NH2-CH-CH(dH)-CH2-<:-COOR^6 or NH -CH-C^*^ 



COOR^^ 



in protected form which intermediate is then decarboxylated 
and if desired deproteeted to give the desired isostere: 

NH2;CH-CH(0H)^-CH-CO0H or hW^-CH-C^ f^^ 

^ CHj-CH-COOH 

as such or in protected form. 

The hydroxy isosCeres so produced may further be 
15 oxidised to the corresponding keto isosteres. 

A further, preferred, synthesis of hydroxy and hence 
keto dipeptide isosteres is given below, applied to 
Leu-hydroxy-Val and referring to Scheme 1 following. 
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Synthesis of Protected Leu-GH-Val li 



(1) Phthaiifflido-ketol 4 2 



(•} A solution of phth«loyl-L-l«ucJne (SOmmel} In ethyl 
•cetete (150ml) w.s cooled to -10*»C, N-i«ethy|.morpholln. 
5 (COmrnol) »es .dded followed by iso-butyl chloroformete (SOmmoi) 
•t such e rate that the temperature never exceeded -lO^C. 
After 10 inlns. at -10«C. the N-«ethyl-«orphonne hydrochlorldJ 
filtered off and the solution of mixed anhydride peurma into 
• teiution of diaxemethane (appros. nommol, dried over KOH 
lOpeltets) In ether (500ml). After 3 hours at 22«C, the solvent 
•M tvaporated and the crude diasol.«to«e O ... obtained e. .„ 
orange oil. IR Spectrum (nim) Xmax 2100 cm"^ 

,uu?i «»I«ol«etone was dissolved In dioxan (200mi), 

IM HjSO, (100ml) added and the mixture was heated at 7S« 
15 for 30 mins. The reaction mixture was cooled. Its pH adlusted by 
• the Slow edditlon of N.HCOj to 5 «»d the dioxan was evaporated. 
The remaining aqueous solution w.s extreeted with ethyl acetate 
th. extracts were washed with water and brine, dried over 
Na2S0, «.d evaporeted. The crude k.tol es we, cry.uillsed 
20 from ether-petrol to give pale yellow platelets. In a subsequent 
preparation the crude ketol w.s found to be satisfactory by TLC 
(In petrol (SO-lflO) containing 301 ethyl acetate) «,d w.s us«1 
without cryst.llis.tion. 

(2) tert-Butyl ether 43, 

25 The ketol «2 from (1) (b) (SOmmol) was dissolved in 

dlchloromethene (50ml). cool«J to -7t<»C .nd liquid Iso-buten. 
(50ml) ,„d concentrated sulphuric Kid (O.Smi) w.re .dded. The 
reectton mixture w.s stopper^a .nd k«pt .t 22«C for 72 hr,. 
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Th* reaction v«ss«i was cooled and opened, and the pH f U» 
contenu was adjusted to 5 with NaHCOj. The product was 
extracted with ether; ethereal extracts were washed with water, 
brine, dried over NajSO, and evaporated to yield the 
5 tert-butyl ether (91%). 



(3) Olois 



10 



A solution of the tert-butyi ether M (SOfflmol) In 
tetrahydrofuran (ISOmJ) was cooled to ©•C. To it were added IM 
HCI (2Sffll) followed over a period of 20 mini, by NaCNBH, 
(2S0iaiBol) In a Mixture of tetrahydrofuran (lOOal) and water 
(20al). After stirring for 2 hra. the pH of the solution was 
adjusted to 4. tatrahydrefuran was evaperated In vacuo, 
«»• residue was trituratad with ether, the ethereal solution 
was washed with waUr and brine, dried and uvaporated. A 3:1 
15 mixture of the two dlastcreemers was obtained In 90% yield, 
th« major component being, the desired 2R.3L compound Ma. 
Progress of the reduction was monitored by TLC In chloroforia. 



(4) Benxyl ethers asa and a 5b 



20 



(a) A aiixtureef the diastereomeric alcohols from (3) 
(40m«oi) was axeetreped three times with dry benxene and then 
dissolved In dry dimethyl fomamide (lOOmi). Under dry nitrogen, 
NaH (1 equivalent) was added with cooling In Ice-water. After' 
•II NaH had reacted (apprex. 10 wins.), bensyi bromide (1.5 
•quhralenu) was added. Tha reaction mixture was stirred at 
25 20»C and the progress of benzylation was monitored by TLC In 
ehlorefera: petrel (IO-M») « 4:i or in petrol (60-I0®) 
containing io% ethyl acatate. It was complete after 2.5 hrs.. 
•h«n the reaction mixture was cooled, acidified with IM dtrlc 
acid and evaporated In vacuo. The residue was taken up In ether. 
30 washed with waUr and brine, dried and evaporated. 
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(b) S«p«rsti n of th« diasterMin ri jjjTa and Mb . The 
Mistura from («) was ads rb«d nto silica, dried in vacu and 
added to the top of a dry-packed column, which was cluted with 
patrol (€0-10^) containing 5% ethyl aceta*«. The major 
dlasteroomer <Sa was eiuted from the column first. Configuration 
•t C-2 and C-3 was determined by X-rey crystallography and was 
found to be 2R, 3L for the ma/or diastereom«r <5e . 

(S) Mesylate »7a 

(a) A solution of the major benzyl other <Sa (lOmmol) in 
dichleremethane (SOmI) was treated In an atmoaphoro of nitrogen 
with trinuoroacetie acid (SOnI). After I.S hrs. the reaction 
mixture was evaporated to dryness, and tho residue taken up in 
•thyl aeatata. The solution was carefully washod to neutrality 
with 1M NaHCOj, water and brine, dried and ovaporatod to give 
the aieehel Ma. The lattar can be crystalllsod from ethyl 
acaute-petroi (60-10^) to furnish colorless noodles, but 
chromatography on silica may be necessary to obtain a higher 
yield. 

(b) A solution of the alcohol M£ from (a) (20mmol) In 
20 dichloromethane (lOOmt) was cooled to 0«, triethylamine (2 

•quivaients) and methane-«uiphonyi chloride (1.1 equivaienu) 
were added end the reaction mixture was stJrred at 22* for 1 
hr. It was evaporated, the residue dissolved in ethyl acetate, 
this solution weshed with water and brino, dried and evaporated 
25 to leave an oil which crystallised on standing. The latter was 
''•*nr«talllsed from dlchloromethane-petrol (60-10*^) to give the 
mesylate <7a as glistening plates (90%). 

(S) Malonie ester ata 

Oi-tert-butyl malonate (24mmoO was added to a slurry of 
30 sodium hydrida (24mmel) in 1,2-dimethexyethane (120ml) under dry 
nitrogen. After to mins., crystalline mesylate STa, (20fflmel) was 
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•ddtd and th mixtura was rcfluxad undar nitrogen. Progress f 
tha aikylatlen was moniterad by TLC in chloroform-patrol 
(SO-IO^) (7:3), tha of tha product baing slightly highar 

than that of tha atasylata. Rasctlon was eofflpleta »ffr 24 hrs. 
5 whan tha nixtura was coolad and pourad Into 1M citric acid 
solution. Solvants wara avaperated In vaciie, tha residua takan 
up In athyl oectata, washed with water and brine, dried and 
evaporated to yield crude malonic aster *t« . The latter was 
purified by ehrometegraphy on a dry celunn of silica as described 
10 above for «Sa In sectian (4) (b}. Elutlon was carried out with 
chlorofora-petroi (3:2) tp give pure <ta In S7% yield as a 
colorless oil. 



(7) Ise-Propyl malonic ester <9a 

Malonic astar «tiB (tSfflmel) was azeotroped three times with 
15 dry benzene, dissolved in dry tetrahydrofuran (SOmI) and added to 
a slurry of sodium hydride (1.1 equivalents) In tetrahydrofuran 
under dry nitrogen. After rafluxing for 20 mlns.. isopropyl 
iodide ( 10 equivalenu) was added and the mixture refluxed for a 
further hour. After cooling. 1M citric acid solution was added, 
20 the solvent evaporated and the residue Uken up In ethyl acetate. 
After washing with water and brine and drying, ether was 
evaporated to leave the Iso-prepyl derivative M» as a colorless 
oil (87%). Purity was checked by TLC In chloroform-petrol (7:3). 
•nd the product was either used directly In step (•) or. If 
25 necessary. first purlfled by chremategriphy an silica in 
chloroform-petrel ($0-10^) (3:2). 

(!) Phthaloylamino ciirbexyiic acids SOa tc and $ . 

The di-tert-botyl ester *9a (ISmmol) was treated with S0% 
trinuroroacatle acid In dichtoremethane ClOO-i) undnr nitrogen 
30 for 1.S hrs. to remove the tert-butyl ester g. cuns. 
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This .ixtur, ..s vaporated to drynoi.. th. r.ildu. dl«olv,d in 
toJu.n. «,d r«nu«.d for 6 hr*. O.e.rbo«y|,tlon w.. monltor.d by 
TLC In ehIorofor«-meth«nol-*:.tlc ocid («2:*:i). On compj.tlon, 
th. r.KUen nlxtur. was .v.porat.d to dryn.«i, th. l.st trms 
5 of .olv.nt b.ing r.mov«l by pumping in high vacuum. A mixtur. of 
th. ^i«.rlc Kids 50£« and SO^tf was obtained as an oil. and wa. 
•Ithw. u-d dirKtly Jn st.p (S) or, if n«».„ry. purlfl^j by 

chromatography en silica using chlorofor«-m.th.nol-ac.tlc «Jd 
(>7:2:1) for .lution. 

10 (») Amine carboxylic acids STa c and $ 

Tho phthaleyl dorlvatlv.. Se.»«HJ/S (IBmmoi) ».ro dissolve* 
In •th.nol (leml) and troatad «ith hydr«i,i. hydr.u (io 
•^ulvaiants, und.r r.flu« for l.S hr.. R««.v., of th. phthaloyi 
j,.o«p was .onltor.d by TLC in chlorofor»-m.th.nei..ctic «:id 
15 («2:«:l). On campLtlon, th. r..ctlon mixtor. •„ cool«* w.t.r 
•« add.d to dlssoiv. th. pr.clplt.t. form^i. .o,v.nt.' w.r. 
r.«ov.d In vocue and th. r.sldu. w., driad In v«:ue ov.r 
cen«ntra».d HjSO, ov.might. It wa. ditsolvod in th. 

20 I^r"' "''•"^'^ f'^-'J' -"c 

pr.cipitat.d phth.leyl hydraxid. wa. nit.r«, off. 
Ev^sUonof th. flltrat. y,.,d.d a m.xtur. of th. 
Kids 51a • and 6 . 

(») Boe-Amine acid U, 

" , ^""^ —«">-«.. «.lu..«. of ,h. 

«*«. ill in ,jo«l). 5, 

and brine* 
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AfUr drying, tht solvent was removed in vaeu . the residue 
triturated «ith petrol («0-IO*») and any N. N«-bls-Boc-hydra2lne 
present removed by filtration. Evaporation of the petroi yielded 
crude Boe-aeids S2a * and 5 . These were dissolved In ethyl 
5 oeetate. N.N-dimethyiaminoethylamlne (appres. 2g) was added to 
react with the excess di-tert-butyl diearbonate present, and 
after 20 mins. the solution was extracted with 1M citric acid. 
It was washed with water, brine, dried and evaporuted to give 52a 
• •nd /& as a pala yellow oil. 

10 (b) The abova aistura of epiaiarle acids was separated by 

chromatography on sillc. gel («0-60p, dry-packed column) elutlng 
either with petrol conUining 20% ethyl aetata (and possibly a 
•••ail amount of acetic add to prevant trailing). or with 
Chloroform containing 2% methanol. SaparaUen was monltorad by 

15 TLC In chloroform-methanol-acetic acid C97s2:l). Th. mora polar 
component was the required 2L, «S; 5L epimar la. 
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Scheme I 

PhtsLeu-OH 

(L) 

40 



(a) MA 



Pht=Leu-CHN, 



41 



I 



PhtsN-CH-CO-CH^O*Bu 
42 (L) 98J( 



KaCXBH. 



T 

(R.s) 

PhtsN-CH-CH-CH^O^Bu 
• (L) OH 

44a ♦ 44b 90Jf 



(i) KaH 
<ii) BzlBr 



*Bu 

PhtsN-CH-CO-CH^OH 



42 



90% 
from 40 



*Btt 

Pht sK-CH-CH-CHgO^Bu 
OBzl 



45a ♦ 45"b 



(i) separata major 
diastaraomer 

45a on silica 

(ii) HVbanzeae 1 



95% 

(3:1 Bixture of 
diaataraomara) 

45a 45V 



Binor diaataraoaar 

46b 



'Bu 
I 



•5 



47b 
(2S, 



PhtsN-CH-CH-CH^OH 



46a 
(2». 3L) 



^ OB«l 



•■Configuration at 
C-2 determined by 
X-ray 

cr-/stallography 



(MsCl/Et^N 



70% 

(major 
dlastarecaer) 



*Bu 
I 

Pht=N-CH-CH.CH,0M8 
I 2 

OBzl 



47a 
(2?. 3I) 



/ csf?r 
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Seheae I (cont'd) 



^Bu OBil 



PhtsN-CH-CH-CHgOMs 
3 2 

^7a (22. 3l> 



NaCHCCO^Su)^ 



*Bu OBzl ^Pr 
PhtsK-CH-CH-CHg-CH-COjH 



5 ^ 

2L. 5L) 
2». 'IS. 5LJ 



83X 



*Bu OBsl CO^Bu* 
PhtsN-CH-CH-CH^-CH 

5 A <lo^Bu'- 



(^S. 5l) 



67S' 



OBxl COg^Bu 
PhtaK-CH-CH-CH_-C - Pr^ 

COj^Bu 



45a 



67X 



^Bu OBzl ^Pr 
H^N-CH-CH-CH -CH-CO-H 

^ («*A) ioo« 



BoCgO 0B*1 ^Pr 

^ BocNH-CH-CH-CH -CH-CO H 

^ • 2 



12a 78%' 



chx'oa«tography 
on silica 




la 

(2L, kS, 5L) 



(2D, As. 5L) 
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SECTION 'A' cont'd - SYyTriESIS OF ACTP/E CSMPnrTvnc 

H184. H185 (Exatnoles 1^ ^'t 

Starting from the methyl ester of Boc-L-leucine a 
protected Leu- reduced- Val isostere is made by the 
synthetic route set out in Scheme 3, pages 16 to 13, of 
European Patent Specification A 0 045 665. it is 
converted to Leu-reduced-Val lie His D-Lys-OH, His 
Uu-reduced-Val He His D-Lys-OH and Phe His Leu-reduced- 
Val He His D-Lys-OH by standard methods of peptide 
synthesis, as illustrated in that specification. 
H262 (Example 3) 

The Leu-OH-Val dipeptide isostere is prepared as 
given above and converted to Leu-OH-Val He His Lys-OH 
by, again, standard methods. 



H265 and H266, H 767 and H26fl ^nd H270 

(Examples 4-9) 

These compounds, three pairs of respectively N-Boc 
protected and free N-certalaal NH^ isosteres, all with 
C-terminal He His-OH, are made starting with the 
protected Leu-OH-Val isostere prepared as given above. 
The synthesis otherwise is by known methods. 
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being in sjibatance as in Scheme 2 below 

showing Che synthesis of compounds, not themselves within 

the present invention, of structure (two foras): 

H-His Pro Phe His Leu-OH-Val lie His-OH 

(H194, H195) 

Scheme 2 



TU 



Itt 



8k- -OH K--0«f K- 



Soc 



2' 



5.« 



Host- 



s' 



to' 



2« , (56 



cm 



en* 



/4 - 



z 



Soc 



^9 If. 

DCCI 
Hen 



hi 



OH 



2f / 



2^ 



Urn 

0€U 



5.^ 



OH 



OH 



J 
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H282 (Example 10) 



10 



Thii analogue contains Leu-OH-Gly, which is 
synthesissd according to Scheme 1 except that the 
alkylation step with isopropyl iodide producing 49a frsa 
48a is omitted, the synthesis proceeding on 4aa. 
Otherwise the synthesis is as for H269. 



These compounds, containing LeuoOH*Val isosteres, are 
made essentially as H269. 



H289 (Example 14) 

The protected Leu-OH-Val isostere made according to 
Scheme I herein is converted to the corresponding 
Leu-keto-Val isostere as follows: 



H286. H287. H288 (Examples 11 - 13) 



Scheme 3 




(ii) Na^CO 



(i) Hg/Pd 




52a 



(i) PygCr^O. 



(ii) citric aci 



• I 
Boc-NH-CH-C~CH--CH-CO^H 

O 
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The keto isostere is then used in a synthesis like 
that of H269. 

H290, H291 (Examples 15. 16) and H294 (Examplp 17^ 

These sytxtheses are that of H269 modified to couple 
Ala or Phe to the Leu of the dipepcide isostere residue 
instead of His, or in the case of H294 simply using the 
Uu-R-Val isostere of Examples 1 and 2 in place of the 
hydroxy isostere in a synthesis otherwise as that of H269. 

SECTION 'B* E^CAMPLES 18 to 28 - LIST 

The following examples are of renin- inhibiting peptide 
analogues containing isosteric links different from those 
of European patent specification A 0 045 665, in the form 
of a table of structures followed by details of syntheses. 

Table 3 

^ Structures 

NH, 

18 Boc-Phe His Leu— S-Val He His-NH^ 

8 9 10 11 12 13 

19 Boc-Phe His Uu— i-Val Ile-NH-CHjCH^Ph 

8 9 10 11 12 13 

Me ^7 

20 Boc-Phe Phe Leu-i-Val He-NH-CH^CH^-CZ-pyridyl) 

8 9 10 U 12 13 

21 Boc-Phe His Ast^^> He His-OH 

8 9 10 . 11 13 
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Table 3 (cont'd) 

Structures 

22 Boc-?he His Ast^^^ He His-OH 

3 9 10 11 13 

23 Boc-Phe His-N-ca(^u)-CH2-NH-CH(Sr).C0.Ile His- 

CHjCHjNHj 

24 Bii^ S«l 



27 



OH 



]f^^ 10 11 12 13 



25 Boc-HIiH^.J^■^u-iH JJ-^ >l!Li^..Ka, 

^ Y^o ,1 ^ ^3 ^ 



26 Boe-Pht 




' '"^ 0. ^ " " " 

Boe-Ph« Hl«-nr S J 




28 

8 9 30 U 12 13 
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SECTION *B' cont'd - SYNTHETIC METHODS 

A synthesis route to the novel anino isostere 
-CH(NH2)-CH2- is illustrated in Scheme 4 belov which shows 

NH, 

the preparation of the protected Leu— Jr/al isostere 17. 
The latter can be incorporated into peptides, e.g. into 
the compounds o£ Examples 18 to 20 by standard methods of 
peptide synthesis as for example already described in the 
European Patent Application 0 045 665 and referred to 
herein. Correspondingly, Scheme 5 shovs the synthesis 
of protected 3-amino.3-deoxy-statine, and in the analogues 
of Examples 21, 22. 

The compound of Example 23 is essentially a 'reduced' 
isostere of the kind described and synthesised in 
European Application 0 045 665 but with an amino-ethyl 
substituent on the peptide nitrogen of residue 10. 

.The syntheses of the novel cyclic structures 
representing one or two residues in the backbone and 
present in the compounds of Examples 24-28 are shown in 
Schemes 6-10. Again, incorporation into the final 
sequence is essentially by standard methods. These cyclic 
structures serve to stabilize the enzyme-bound 
conformation of each transition- state analogue, and to 
render tha peptide backbone more resistant to attack by 
peptidases. 
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Seheme 4 (Examples 19 - 20) 

Synthesis of protected arrino iscstere 17 



L-Leuclnol 



Phthalic 
anhydride 



'Bu 



PhtsN-bl-CH^OH 



13 



< 4 Pr 

^Bu NO, ^Pr „ . » t- <B.. 



1) TosCl-Py 

2) no: 



base 



Ji • R,S 



74 



1) H* 

2) Hg/Pd-C 

3) 2-CKSu 



1} separate epinn 



Bu NHZ 

I I 



Bu NHZ 



Pr 



17 



As noted above the isostere 17 is incorporated into the 
full sequence of Examples 18 to 20 by the standard methods of 
peptide synthesis, with the Cterminal free in the compound 
of Example 18 (His) and protected by -CH^CH^Ph and 
-CH2CH2-(2.pyridyl) in Examples 19 and 20 (He). !„ the 
Ctenninal sequence BocPhe^Phe- (Example 20). the oethyl 
IS on the peptide nitrogen of the Phe-Phe link. 
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Seheae 5 (Examples 21. 22) 



(;) Synthesis of protected 3-airino 3-deoxy -statlne 39 



Boc-Leu-GH 



1) COIn^ 

2} CO,He 
• * - 



CHgCOj 



1 



Bu 



Boc-NH-CH-C-C«,-CO,Hb 



^Bu 

8oc-NH-CH-CH>a 



NH-Z 



1) NaOtBH^ 

2) Z-ONSu 



nhJ OAc" 
HeOH 



^Bu 

Boc-NH-CH-C^CH-COjHb 



38 



1 



Bu 

I 



R ♦ S 



37 



CH' 



B OC-NH- CH-OI-CH,-C0,H 
NH-Z 

39 



(B) Incorporation of 3-amino-3-deoxy-stat1ne 39 in to H-292 
and 2 93. " 

at th?M^«!^"* 'f*?^?!^' t'CCI/HCet to H-ne-Hi$(Bofli)-08zl. depretected 

the #Jr»2 T.V'iS'^^V^' xP"* protected peptide is separated into 
«m?nr?.^fl!!'' differing in cenfiguraticn at the cartot atan bearing the 
oTJertSrtlJiT; "* deprotected by H./Pd-C in Se prIsenL 

( E^pU 2^* ^""^ ''spectively. H-292 (Exalrple 21) and 293 
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Scheae 6 (Example 24) 




Bzl 




OB 

E-Fha-L«u 7— >7al^ee 
Bzl 



11 




(0 




(u) 


a*- 


(m) 


COClj 


(iT) 


Zb/AcOS 


OS 





V 



Bxl 

^« CO-Lta r— 7«1-0H 
Bzl 



21 



The analogue IS is first =ade by the methods described 
herein, then converted to the cyclic form, as shown, before 
reaction with an IleXsis dipeptide analogue to give the 
analogue of Exanple 24. 



CM7I 
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Scheme 7 (Example 2S'> 
I 

l2«c "Hit -H 

OH 

E-Uu ^ 7al-cn« 

?1 



2x1 



11 



p(Sam) 




Y 



I 

-sCH 



(1) 



Bom 



(a) Troe-Cl 



H 

Troe 



QE 



22 



(1) a* 

(il) Boe-Fh*^ 
(HI) Ra 



R 



Boe-Ph.-fti., I«j ^ 




T*oe i,i 



(i) Za/ieOE 
(il) coci. 



OBzl 

I 

.CI 



The synthesis above is followed to give compound 24 
then the final amide protected residue Ile^Phe-NH " 
attached, deprotecting as necessary to give the arulogue 
of Example 25. 
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Schetne 8 (Example 26'> 



20 




OE 

H-I«u TU-OTca 

21 



(i) » 

(11) Br-CH.-clT 
2 



Soe— 'HE— CB 



26 



I»(Bob) 
P2 



— CEj— 



I 

B-H' 



la(Bom) 



I 

H — CB- 



? CB— -CB CB.. 



(i) H"" 
(ii) NaCN/BH. 



- CB- 



OBxl Ipy 
I I 
CB — CBj— CB • 



■- COjTc* 



21 

compound 27 is synthesised as above .hen N-cer^inal 
Phe and Cter^inai Uei-Phe residues are actached by .he 
-^s described herein giving, after deproceccion. che 
ccxnpound of Exanple 26. 
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Scheme 9 C Example 27) 
(I) lajCO 

> Soc— RH— C3. 
(il) COjKt 28 



3oe-Ltu-^B 



CO — CHj— COjH* 
IcOH, A 



J2 



— - V 



22 
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The compound 33 is synthesised as shown then N-terainal 
Fhe-His and C-terminal Ile^Phe residue attached by the 
methods described herein giving after deprotection the 
analogue of Example 27. 



Scheme 10 (ExaiBDle 28^ 



Boc-Phe-O" Cs* 



Boc-Phe-O-CHj-of 



) Qi^ 



0 CH, 




H-N 



35 



The Uu-CH-Val dipepcide analo^e ^de as given i„ 
^taU earlier herein and the analog of E«„ple 25 aade 
»y the □ethod. ,iv.„. cccpound 35 giving .he c-»r=lnal 
and Phe-Abu the N-ter=inal r.si^-es 
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The test results given herein are on the human 
renin/renin substrate reaction in vitro. The tera is 
based on th« methods described by J.A. Miller et al in 
5 Clinica Chiaica Acta (I98O) 101 5-15 and K. Poulsen and 
•J. Jorgensen in J. Clin. Endocrinol. Metab. (I974) 22 
816. and is based on the measurement, by radioiaaunoassay. 
of angiotenain-I released from human renin substrate by 
human renin in humii plasma. The inhibitor is 
10 dissolved in o.Ol N HCl (10^, and added to human plasma 
(75;il) containing EOTA. and angiotensin-! antibody (15 
in 3M-Tris/HCl buffer (pH 6.9). 

After incubation at 37°C for 0-120 minutes, the 
enzymic reaction is quenched by the addition of ice-cold 
15 0.25M Tris/HCl buffer (pH 7.M containing 0.01% of bovine 
sena albumin. 1251-labelled angiotensin-I is added, 
followed by equilibration at k^c for 48 hours. Free and 
bound ligand are separated by the addition of dextran- 
coated charcoal, and the amount of bound radio-ligand 
20 detennined in a gamma counter. 

The results for the renin i.nhibitoiy activities of 
the present compounds thus tested are expressed as the 
IC3Q. i.e. the molar concentration required to cause 50% 
inhibition. In many of the cccpounds of the invention 
25 very great potency, in the reduction of renin activity 
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remaining in the plasma in the presence of the analogue, 
is shown. 

Detailed activity tests have been conducted only in 
animals but indicate corresponding activity in man 
5 confirmed by preliminary studies in volunteers. 

In the in vivo studies compounds are infused into 
normal, conscious sodium-depleted dogs at rates of o.oi. 
0.1. 1 and 10 mg/kg/hr. a maximum fall in boood presstL-e 
Plasma renin (PR) angiotensin-! (aI) and angiotensin-II 
10 (AID levels is obtained within 10 minutes at deses of 
1 and 10 mg/kg/hr. When the infusion is stopped, blood 
pressure return to baseline levels 30 minuxes after the 
1 mg/icg/hr. doses, but more slowly after the 10 mg/kg/hr. 
doses. Results of the same kind have been obtained in 
15 the baboon, in six animals, as a close model of man. 
USES IN MAW 

In use of the compounds, a person suffering from 
hypertension is for example given a nasal iiistillation 
preparation of 0.01 to 1 mg/kg body weight of the compound 

20 per dose, for example three times a day. Clinically 

significant maintained reduction of the hypertension is a 
positive indication of hypertension amenable to treatment 
by the method of the invention. The method may be 
similarly applied to patients in heart failure. • l„ both 

25 the hypertension and the heart failure instances the 
Plasma-renin may or cay not be above nerval. 
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Lon«er te«. persons diagnosed as suffering froa 
amenable hypertension as above are treated by n:eans o' a 
continuing course of one or =ore of the compounds 




wo 84/03044 

PCT/c8a*/ooo3: 

-46- 

Table 4 

ABBREVTATTnwg 

Abu 2-lBiaobatyi7l 
^® t-But7loiyc»rbo^l 
If -B«n*rlo^«ttTl 
1-Btttrl 

■-Butri 

t.Bat7l 

5r4POiy i«e«t«n, -CH(0H)CH2- ^ -COHH- 
I«to lae«t«r», -COCBj- la plac« of -OOSH- 
^•1 H-«.thyl jwptidt, -COHM.- la piact of ^OSH- 

I-n --^U iaiao l«o,t.«. -CH(KHj)CH2- ^ of ^OHH- 

^' Kttl^lmjiphoivl 
SBS H-Broao«acelalaid« 



Ha 
Bsl 
Za 

L«u 2& 7*1 



Ph 

Pht 

Sir 

SSi 

Te« 

Troc 

Trt 

T» 

2 



Sodlua dlirdro-bl. (2-cnethoiytthozT)-*l«lnAte 

2t2.2-Ttlchloro«t^l 

Tt tntydz 0 p J r t^l 

2, 2t 2-Trlchloro-*thoxycArbor;yl 
P-To lu t M milpho^l 
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A32P.r/lATI0WS (cont'd) 

^^"^ ( Amino t^deoxy. statine 

H2N-CH(^3u)-CH(NH2)-CH2-C00H * (iZ) ^ (s) 

EMECl N-diaethylaminopropyl-N-^-die-thyl 
carbodiioide 

P^P Pentafluorophenyl 



P Nal 



•<Nal 



3-( 2-naphthyl ) -alanine 




..CH,-CH-COOH 



3-( 1-naphthyl ) -alanine 




CH--CH-COOH 



Further 'Pro' or 'proline', outside the fonm:la of 
specific individual compounds, includes substituted 
(particularly - OH substituted) proline and its ring 
hoaologues azetidine carboxyiic acid (one-CHj-less ) and 
Piperidine carboxyiic acid (one-CHj-more) . 
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CLAIMS 

1. Renin- inhibiting tecra-, penta- or hexapeptide 
analogues of fonnula 

X-D-E A B— Z— W /XTT^ 

8 9 10,U 12 13 ^ 

where X and W are terminal groups; D, E. B and 2 (of which 
any ona or except with 'reduced' analogues any two may be 
absent) are aromatic, lipophilic or in the case of E 
aromatic lipophilic or basic amino acid or amino acid 
analogue residues; and A is an analogue of a lipophilic 
or aromatic dlpeptide residue wherein th6 peptide link is 
replaced by a one- to four-atom carbon or carbon-nitrogen 
link which as such or in hydrated form is an 
unhydrolysable tetrahedral analogue of the transition 
15 H H 

state --C^ ^ of the peptide bond. 

OH OH 



10 



20 



2. Compounds of the general formula 

X— D— E A B— Z— W 

8 9 10.11 12 13 



(XIV) 



where 

X 



H or an N-protecting group or groups, e.g. as follows; 
(a) ^^-(CHj)^-, where n - 0-4, or 
25 (b) R^-CO- or 

(c) R^-O-CO- or 



<W WHO 
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10 



where n - 0-5 



(d) R^-<CH-) -CO- or 
i n 

(e) R^-(CHJ -0-CO or 

L n 

(f) R"'-0-(CH,) -CO- or 

(g) R^SO^- or 

(h) (R^)2-N-C0- 

In (a)-(h), R^ - (i) H (except in (c) ) or 

(ii) alkyl (e.g. t-butyl) or 
(iii) cycloalkyl C^^^ 

(e.g. cyclohexyl) or 
(iv) bicycloalkyl or tricycloalkyl 
^7-12 isobonxyl or 

adanianeyl) or 
(v) aryl (e.g. phenyl) or aryl 
alkyl 

^5 D - (a) absent 

(b) arooacic amino acyl (e.g. Phe,-<Nal, ^Nal, Tyr, 
His, Trp) 

(c) lipophilic amino acyl (e.g. cyclohexyl-alanyl) 
(with (b) and (c) either as such or reduced at 
car bony I) 



20 
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E " (a) absent or 

(b) aromatic amino acyl (e.g. Hia. Phe. Tyr. Trp) o: 

(c) lipophilic or basic amino acyl (e.g. 2-amino- 
butyryl.Qi, ^ -diaminovaleryl ) . (b) and (c) 
being aa such or 1^ -alkylated and/or reduced 
at carbonyl 

A - (a) R*^ r1 r2 

II I , 



10 



. and th« aaatm or different - 

(i) H or 
(ii) alkyl (e.g. Me) or 
(iii) -(CH2)„-0H or -(CEj)^-^^ 
when n - 2. 3. 4 



15 



(and appearing below) 

(i) -CH2'^^'n' °^ 
(ii) -(CS^)^-CO^ or 
(iii) -C0-{CH2)^- 



where n « 0-3 
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and R 


2 

, the same or differenc • 


(I) 


Alkyl (e.g. ^Pr, Su, *Bu) or 


(ii) 


ArCH, or 

z 


(iii) 


other lipophilic gro-up (e.g. cyclo- 




hcxyl-ffethyl) or 


V iV/ 


ti V (^specially tor R ^ 


- (i) 


-CH(OH>-(CH-) . or v 


(ii) 


-CH(NH2)-(CH2)j^- or ] 


(iii) 


-CH2-(CH2)jj- or ] 


(iv) 


-CO-(CH,) - or ) 




; where n - 0 


(v) 


•(CH.)^.:i(R^-, where I 






(vi) 


-CH(NH2)<CH2)jj-CO-NH- ^ 



with the provisos I) that when M - (i), (iii) 
or (iv) and n - 1 then two three or four, 
and when M - (v) and n - 1 then three or 
four, of D, E, B and 2 are present and 
preferably that when M - (1), (iii) or (iv) 
then two, three or fotir and when H - (v) 
then three or four of said residues are 
present 

II) when M - (i), (ii) or 
(iv) then and are H and when M - (iii) 
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10 



or (v) Chen if one of R^, R^, and R^ is 
said group -(CH2)^-0H or -(CH^)^-^^ the 

others, the same or different, are H or 

alkyl 



(b) R^ 



\ 1 2 

CH Y^^ 

-N CH CH-G^. where 

12 12 
R , R and C , G , the same or different, are as 

defined above and 
- (1) -CO- or 
(ii) -CHj- or 

(iii ) -CH(OH)» or 
(iv) -CH(NH2)- or 

(v) -CHj-NR^- (R^ as above) 

3 " (a) absent or 

(b) lipophilic or aromatic amino acyl (e.g. Val, 
Leu, He, Phe) either as such or Jr*-alkylated 
and/or reduced at carbonyl 

20 2 - (a) absent or 

(b) aromatic amino acyl (e.g. His, Phe, Tyr) or 

(c) lipophilic amino acyl (e.g. cyclohexyl-alanyl) , 
(b) and (c) being either as siich or N**- 
alkylated and/or reduced at carbonyl 

25 w » (a) -OH or other terminal gr up including those set 
out for w in general fcna-jla XV 
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(b) -OR^ j ^ 

. -3 -5 N R as above 

(c) -NH^i -NHR , -NR^ J 

Cd) where N is part of a hecerocyclic ring, 

preferably 5- or 6-cnembered, containing 1-3 
hctcroatoms (N, 0 or S) and of any degree of 
satxiration and optionally substituted with R"'- 

or R^CHj-groups at one or more positions (R^ 
as above) 



10 or 



2-W. «B 

CH f 

" V J" v^^VB L - (1) -NH- or 

(ii) -0- or 

^5 (iii) -nr3- 

and and and G^. the sane or different, 
. are as defined above and 

Q » (i) H or 

(ii) alkyl or 

20 (iii) aryl or 

(iv) imidazoi-4-yl- or indol-3-yl 

together with compounds in which, when one or more of the 
peptide bonds of the chain is represented by a 'reduced' 
isostere. the n atom of such isostere and the preceding 
25 or succeeding N atom in the chain are linked by a moiety 
as defined for G'^ and giving a five or six menbered ring , 
and together further with compounds in which (except when 
M » (i) . (iii). (iv) or (V). at least for n - 1) the above 
residues are present with further, .v- or C- ter=inal 
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aminoacyl or aninoacyl analogue residues(s) (particularly 
Pro or J-Pro interposed between X and D, 3' being His or 
other basic or aromatic aninoacyl residue), and compounds 
(including such compounds with firrther residues) in which 
one or more remaining peptide links have been replaced by 
analogues M, all compounds being in free form or 
protected at one or more remaining peptide, carbonyl, 
amino or other reactive groups including peptide nitrogen. 



3. The compounds of claim 2 wherein, in M, 



n - 1. 



LO 



^. The compounds of claim 2 or 3, wherein M - 

-CH(OH)-(CH,) -. 

2 n 

5. The compounds of claim 2 or 3, wherein M - 

-CH(NH )-(CH-) 

^ ^ n 



6. The compounds of claim 2 or 3, wherein M - 
15 -CH(NH2)-(CH2)^-C0.NH-. 



7. The compounds of claim 2 or I, wherein A 

Nh-Y r2 

-N CH—CH— G"^- 

20 ^0^^ 

as defined herein. 
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8. The compoxinds of any of claims 2 to 7, wherein 
in A , and are hydrogen. 

9. Compounds of the general formula!; 

X— Phe-His— A B Z— W (XV) 

5 8 9 1D,U 12 13 

where Phe and His are optional (but are not both absent 
when A has the 'redticed* link below) and aay further be in 
substituted form e.g. Phe by OH F CI Br or Me, 
preferably at the 4-position, or His by Me; or Phe is 
10 replaced by Tyr, or His by spinacin 

X - H; or an acyl or other N-prot*cting group, e.g. 
acetyl, pivaloyl, t-butyloxycarbonyl (Boc), 
benzoyl or lower alkyl (primarily Cj^-C^); or an 
L- or D- amino-acyl residue, which nay itself be 
^5 N-protected similarly and in particular may be 

Gly or D- or L- Pro, Val or He 

r5 r^o ■ 

A - -NH-gH-M -SH-C^ where M"^ is as M above or 



20 



particularly a 'reduced' -CH,-N- or 



25 



'keto' -(i' or 'hydroxy' -CH(OH)-CH,- , or 

CHj- 2 

'hydrocarbon' -CHj-CH^" isostere bond 

where the configuration at asymmetric centres is 
either R or S, where in the hydroxy isostere the 
hydroxy group may be present as such or protected 

i-n etcher -CR" • or ester -O-C^ fom where R^^ 
JO N^12 
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is as given under W below and where and R^°, 
the same or different - ^ro (isopropyl), ^Bu 
(isobutyl), Bzl (benzyl) or other amino-acid side 
chain preferably lipophilic or aromatic; 

.5 R^""" - -H or an N-protecting group such as lower alfcyl 

or lower acyl (C^-C^), or t-butyloxycarbonyl or 
benzyloxycarbonyl as such or ring substituted, 
or aryl sulphonyl e.g. -SO^Ph or -S02-CgH^CH3(p) , 
or formyl; 

10 B - D- or L- Val Uu or He or other D- or L- 
lipophilic anino-acyl residue; 
2 - D- or L- Tyr, Phe, His or other L- or D- aromatic 

amino-acyl residue; and 
W - (i) -OH as such or in protected ester form as 

-OR where R - lower alkyl primarily C^-C^ and 

particularly ^Bu, or cycloalkyl primarily C^-C^, 

or other ester forming group; or 

(ii) -NHj as such or in protected amide form as 

-NHR^^ or -N(r")2 (where R^^ - an N-protecting 

or other substituent group e.g.. lower alkyl as 

12 13 
for R , and (R )^ - two such or e.g. cyclo- 
alkyl, pri=iarily C^-C^) or as -^-(CH^)^-^^ or 
-NR^^-(CH2)jj-Q^ (where n - 2 to 6 and - NH^ or 



20 



25 .tnt.r^ 



NH-C^ and wherein any of the hydrogens 



_c:.f-r 
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attached to nitrogen may be substituted by R^^ 
or (K^h^); or 

(iii) an L- or D- serine or L- or D-lysine, 

arginine or other basic amino-acyl residue as such 
5 or in amide form, substituted amide form or ester 

form e.g. containing a group or groups as given 
12 13 

for R and R above as the ease may be; or 
(Iv) an amino alcohol residue derived therefrom 
as such or protected in ester or ether form e.g. 
^° containing a group as given for R^^ above j 

or 

2 + W - an alcohol derived from L- or D- Tyr, ?he, His 
or other L- or D- aromatic amino-acyl residue as 
such or protected in ester or ether form as above; 



15 



20 



such compound being in the above form or modified by 
isosteric replacement of one or more remaining peptide 

bonds e.g. by reduced, -CHj-NH-, keto, -cf , hydroxy, 



-CH(0H)-CH2-, hydrocarbon, -CH2-CH2- or other analogue 
links M and further being in free form or in protected 
form at one or more remaining amino or amide (including 
peptide) nitrogen, carboxyl, hydroxy or other reactive 
groups, or in salt form at amino imidazole, or carboxyl 
25 groups in particular as physiologically acceptable 

acid addition salts at basic centres. 
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^10. The compounds of claim 9, wherein A contains 
the 'hydroxy' isostere bond. 

U. Compounds as in claim 9 but having in place 
of A the group 

-NH— CH— M— CH— 

\ 

where M is as in claim 2 and and R"^ are a, ia claim 9. 
12. The compounds of claim 11 wherein, in M 

n - 1. t « n. 



0 as defined in claim 2. 
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16. The compound 

H-Leu— Val He His D-Lys-OH 
H-His Leu Val He His D-Lys-OH 



17. The compound 

5 OH 

H-Leu-i2-Val He His Lys-OH 

OH 

Boc-Leu— i-Val He His-OH 

OH 

H-Leu— S-Val He His-OH 

OH 

Boc-His Uu-ili-Val He His-OH 
OH 

H-His Leu-ii2-val He His-OH 
10 BocPhe His Leu-2iLval He His-OK 

H.Phe His Uu-^Val He His-OH 
Boc-Phe His Leu-SSLciy He His-OH 
Boc.Phe His Leu— Val He Phe-OMe 
Boc-Phe His Uu-2iLval Ile-OMe 
Boc-Phe His Leu-2Lval He His-OMe 
Boc-Phe His Leu-^Val He His-OH 
Boc-Phe Ala Leu-2Lval He His-OH 
Boc-Phe Phc Uu-2Lval He His-OH 
18. The compound 

Boc-Phe His Uu— Val He His-OH 



or 



or 

or 

or 

or 

or 

or 

or 

or 

or 

or 

or 

or 

or 



20 
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19. The compound 

3oc-Phe His Ast^^^ He His-OH or 
3oc-Phe His Ast^^^ He His-OK 



20. The compound 

5 NH, 

^ Boc-Phe His Leu £-Val He His-NH^ 

Boc-Phe His Leu i-Val Ue-NH-CHjCH-Ph 

Me ^2 
Boc-Phe^Phe Leu i-Val Ue.NH-CH^2-<2-pyridyI) 

21* The compound 

Boc-Phe His-N.CH(Su)-CH2-NH.CH(Sr)-C0.Ile His-OH 
^° CH2CH2NH2 



or 



or 



CMn 



wo 84/03au 



Pcr/C8a4/ooo3 
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22. The compound 



Y 



T 

5 



10 



Boc-UH-^-CH^-r j^U-CH-in-CHj— CH— CO— n. ilLph— 



or 




or 



Boe-Ph.-ai.-|»^^ b CH-flO-nt ^ Pht 



15 



Bee-FhtoAbu-Ua 



P 



VO 84/03044 



PCT/CB84/0003 
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23. As such or in protected form the compound 

3-amino-3-deoxy-statine: 

^Bu NH, 
i 1^ 

NH^— CH— CH — CHj — COOH 

24. Diagnostic tests and treatments of 
hypertension as set out at p. 19 hereof. 
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